even without absorption or emission of light caused by molecules. The electric field of light distorts the charge distribution of the molecule, which is so-called polarized. The molecule turns to the original state, dissolving the polarization reversibly in case of passing through the light, but the light is irreversibly and variously modulated by the polarization of the molecule. The linearly polarized light in which the electric field vector vibrates only in one direction can easily be obtained by transmission of the natural light through a polarizing filter. For example, when a certain rod-shaped molecules likely to polarize in the longitudinal direction form an aggregation aligning the longitudinally in one direction, and as for the relationship between the molecule's longitudinal direction, that is, the direction easy to polarize and the vibration direction of the electric field vector of the linearly polarized light: (i) When they align, the light and the molecule interact with each other, and the phase of the light changes, but the light remains linearly polarized.
(ii) When they are orthogonal, the molecule can hardly polarize in the direction, and the phase of the light hardly changes, but the light remains the linearly polarized light. (iii) When they cross obliquely, the light modulates to various shapes of elliptical polarization in proportion to the angle of the molecule's longitude and the degree of polarization (polarizability).
The most popular TN liquid crystal display uses the phenomena for the principle of image display. In other words, properly using the phenomena (i) and (ii), the change of transmission quantity of the linearly polarized light to the polarization film, that is, the difference between brightness and darkness, is used for monochrome display, changing the aggregation of calamitic liquid crystal compounds oriented horizontally on the alignment layer of the electrode substrate when the voltage is not applied, to vertical orientation electrically to the substrate when the voltage is applied (Fig. 3) [2] .
The calamitic liquid crystal compounds adjacent to the surface of the alignment layer does, however, stronglry interact with the alignment layer, as a result so-called a hybrid region exists therein that is almost horizontally oriented, even when the voltage is applied and gradually inclines as separation from the interface and changes to the vertical orientation after all. Accordingly, the linearly polarized light transmitting the region and the calamitic liquid crystal are at least in relationship, as per item (iii), and, when seen oblique, the relationship extends to most of the calamitic liquid crystal that the rate of the elliptic polarization increases. For the black picture element through which light originally should not be transmitted, the polarization film lets the elliptic polarization transmit partially, and the light leakage causing lowering of the contrast and decline of the color texture. This is the essential problem of the TN liquid crystal display, the narrowness of the viewing angle.
On the other hand, as described in the beginning, when the problem is seen from the point of view of molecular polarization in the organic chemistry, it is considered possible to dissolve the distortion of light given by the spread of the electron cloud derived from the geometrical structure particular to the molecule to the linear polarization light by transmitting through the molecule having the three-dimensional reverse spread of the electron cloud. 
(1)
n z >n x =n y n z <n x =n y (1)
(1) 
Results and Discussion

Compensation of the Anisotropy
From the point of view of polarizability, that is, the polarity (anisotropy) of spatial flowability of the electron cloud, it is considered that the calamitic liquid crystal and the discotic liquid crystal with alignment of molecule axis of symmetry are totally in antisymmetry relationship to each other. And, when the molecule that does specific, three-dimensional polarization is hybridoriented and it can be established that the molecule that reverses polarization three dimensionally is similarly hybrid-oriented, their combination is optically equivalent to the isotropic space. Then, any linearly polarized light from any direction is the same as that transmitted through isotropic space, and the distortion of light is dissolved, and the viewing angle dependency of the picture quality is not to take place. Fig. 4 is a concept of how the refractive index is made the isotropic space by combining the average refractive index ellipsoid matching of the calamitic liquid crystal in the cell with the compensating refractive index ellipsoid of the discotic liquid crystal.
Hybrid Orientation of Discotic Liquid Crystal
Compound [3] 2.2.1. Discotic Liquid Crystalline Compound [4] Discotic liquid crystal compound shows the normal crystalline phase, the columnar phase, the discotic nematic (N D ) phase and the isotropic phase (Fig. 5) [5] . Luckhurst et al. have suggested the appearance of a wide, nematic phase, the same as that the calamitic liquid crystal that occurs as a result of calculation of the relationship between the phase structure and the transition point, assuming the discotic liquid crystal is a smooth and rigid plane table using Gay-Berne potential [6] .Most of the discotic liquid crystal compounds, however, preferentially show the columnar phase, and few of them form the N D phase (Fig. 6) .
We found that even for triphenylene-based discotic liquid crystal compounds actually known to show the N D phase in a wide range of temperatures, frequently a little difference in the side chain does not take the N D phase and shows only the columnar phase, or they ceased to be liquid crystal. Table  1 shows the triphenylene-based liquid crystal compounds that we synthesized and the effect of the side chains on property showing N D phase [7] .
We found particular benzoates in parenthesis show the N D phase among many side chains that means the effective side chains are strictly limited to benzoates having no substituent or an alkoxy group in the 4-position or cinnamate. For the neighboring substituents of the alkoxy group, only a methyl group formed the N D phase, which suggests that not only the discotic nucleus but also the side chain greatly influence the transition temperature range of the nematic phase [8] .
One of the reasons may be that few planar structure molecules making it possible to slide sideward.
Orientation behavior of the discotic liquid crystal compound thin film coated on the alignment layer
The most widely used method of orienting the liquid crystal compounds is rubbing with cotton or rayon cloth the substrate coated with polymer films such as polyimide (PI) and polyvinyl alcohol (PVA).
When a typical calamitic liquid crystal compound, 4-cyano-4'-pentyl biphenyl, is held in a gap of about 10 m between the two sheets of substrate facing each other with the rubbing to the same aligned direction, the orientation is made with the molecule axis aligned toward the rubbed direction. However, the calamitic liquid crystal compound does not align the same direction in combination with mono sheet of alignment layer, because numerous orientation defects take place therein.
We have audaciously and cautiously examined the orientation phenomena by coating many synthesized discotic liquid crystal compounds on various alignment layers including SiO slant evaporation film, rubbed PI and PVA. After all, we found a condition in which the discotic liquid crystal compound is mono-domain-oriented without orientation defect in one direction by the orientation regulation force of the alignment layers. The process is so simple that we just coat the N D discotic liquid crystal compound within few m thickness on water soluble PVA or acrylic acid based alignment layers not swelling in a coating solvent and set at the N D phase forming temperature.
The orientation under these conditions is a hybrid orientation, horizontal in the neighborhood of the alignment layers and slanted near the free interface.
In the neighborhood of the interface of general liquid crystal alignment layers such as SiO slant evaporation film, PI and PVA, the discotic liquid crystal compound oriented in horizontal without exception because adsorption was dominant in the examined N D liquid crystal phase. On the other hand, the aforementioned liquid crystal compounds in the side of the free interface oriented slant without exception. Accordingly, it is considered that the hybrid orientation condition of the N D phase liquid crystals layer is determined to make the sum of the surface energy of the liquid crystal, which is required of high inclination in the free interface, and the strain energy generated from the forced hybrid orientation by the film thickness portion due to the horizontal orientation in the interface with the alignment layer at minimum.
Fixation of Alignment
In 1987, Broer et al. reported the photo orientation process using the polymerization of calamitic liquid crystal compound in the state of orientation [9] . The discotic liquid crystal compound normally has more than 4 units of side chains having terminal photopolymerable functional groups, therefore polymerization starts quickly by photo irradiation of the photo initiator and cross-linking reaction of the discotic liquid We examined photopolymerable functional groups like acryloyl, oxilanyl, and vinyloxy, and selected the acryloyl group as the most suitable one for the balance of photopolymerization speed and thermal stability. The candidate of the discotic liquid crystal compound for WV film is a triphenylene-hexa-acryloyloxy-hexyloxy-benzoate (THAHB) having totally six terminal acryloyl groups.
We found that the orientation was efficiently fixed almost without disturbing the orientation order of the monomer. When instantaneously cross-linked, the intermediate, such as oligomer, at polymerization is recognized as mixture of the liquid crystal compound, and the phase structure is changed, rapidly decreasing the degree of the orientation order.
Conclusion
Thus, we have developed optical compensation film, "Product name: WV film" possessing the function to enlarge the viewing angle. Hybrid aligned discotic liquid crystal compound thin film has proven quite effective in expanding the viewing angle of TN LCD.
